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ABSTRACT 
The paper presents the results of cytogenetic and molecular-genetic studies of primary and con-
tinuous cultures of human hemopoietic stem cells (HSC) with assessment of their genetic stabil-
ity. Frequency analysis of structural (chromosomal aberrations) and genomic (in aneuploid and 
polyploid cells) chromosomal changes has demonstrated that chromosome mutation rate of the 
assayed HSCs is within the limits of the normal spontaneous variability of the human chromo-
somes in the somatic cells of adults.. Frequencies of chromosomal aberrations are 1.85 ± 0.25%, 
of aneuploid cells: 4.72 ± 0.39%, of polyploid cells: 0.44 ± 0.12%. Study of the status of DNA re-
pair genes (XRCC1 and XRCC3) responsible for reparation of one- and double-strand breaks 
with focusing on single nucleotide polymorphisms (SNP) associated with cancer predisposition 
has demonstrated the homozygosity of the normal alleles of XRCC1 gene without nucleotide re-
placements in 194 and 399 codons as well as of XRCC3 gene without nucleotide replacement in 
241 codon in HSC genotypes. 
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INTRODUCTION 
Alongside with every other parameter of the quality 
assessment the cytogenetic study of stem cells is 
one of the most important steps of control since it 
allows to evaluate genetic stability of cell lines and to 
exclude those carrying chromosomal rearrange-
ments.  
The amount of stem cells that are taken from a hu-
man body is not sufficient for therapy that is why their 
administration to a recipient is preceded by their cul-
tivation intended to increase cell number and to get 
out of non-stem cells. Cultivation can lead to emer-
gence of aberrant karyotype cells and selection of 
cells with higher rate of proliferation that can result in 
"pollution" of the cellular transplant with transformed 
or even malignant cells.  
The objective of the research was to evaluate cyto-
genetic stability of HSC in the process of subcultiva-
tion and to devise algorithm of cytogenetic study. 
MATERIALS AND METHODS 
Excessive material from diagnostic bone marrow 
(BM) aspirates was used as starting material.The 
nucleus containing cells were isolated from bone 
marrow aspirates with use of Ficoll-Paque density 
gradient. The work was carried out according to the 
laboratory regulations developed at the Research 
Institute for Biological Safety Problems (RIBSP). 
To isolate HSC population of CD34
+/CD133
+ pheno-
types immunomagnetic separation was conducted 
with use of the MiniMacs (Milteny Biotec, Germany) 
kit in accordance with the guidelines enclosed by the 
producer.   
HSCs were cultivated in StemLine II (Sigma) nutrient 
medium supplemented with the stem cell factor 
(SCF), Flt-ligand, IL-3 and 6. Phenotypic and cyto-
morphologic study of the cultivated HSC was con-
ducted in the flow cytofluorimeter FACSCalibur (Bec-
ton & Dickinson, USA). The CD34
+ cell surface anti-
gen was investigated with the help of the kits of 
monoclonal antibodies labeled with fluorescein 
isothiocyanate (FITC), phycoerythrine (PE) (Becton & 
Dickinson, USA).  
Cytomorphologic characterization of HSC was carried 
out with use of the ScopePhoto software in the 
analysis of microphotographs taken with the help of 
the light microscope and phase-contrast microscope 
(AxioObserver A1, Carl Zeiss, Germany) and the digi-
tal camera (CAM V200, Vision, Austria).  
Clonogenic activity of HSC cultures was evaluated by 
the method of cultivation in the semisolid Metho-
Cult™ (StemCell Tehnologies Inc.) medium. Agric. Biol. J. N. Am., 2010, 1(2): 124-129 
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In cytogenetic and molecular-genetic research HSC 
subcultures of the 3
rd passage level were used. To 
prepare specimens of metaphase HSC chromo-
somes the conventional technique of short-term incu-
bation of bone marrow cells was used. The routine 
staining of metaphase plates was done by Guimza 
stain.  Differentiation of chromosomal aberrations into 
types and comparative analysis of rearranged chro-
mosomes was carried out according to Macleod and 
Drexler (2004), MacGregor and Varley (1988), 
Mamayeva (1988), Bochkov et al. (1972). 
The genome DNA was extracted from the frozen 
suspension culture of stem cells (-20
оС) by the stan-
dard phenol-chloroform method of extraction (Oster-
mann, 1981). Quantitative and qualitative assess-
ment of the DNA samples from stem cells was car-
ried out with use of electrophoresis and spectropho-
tometry. Water-diluted DNA samples were used in 
the study of polymorphic status of DNA repair genes.  
DNA repair gene allels were genotyped by 
polymerase chain reaction (PCR) with use of specific 
primers to genes under study (Table 1). Point 
mutations of the specific sites of DNA repair genes 
have been detected by the method of restriction 
analysis  with use of suitable restriction enzymes. 
Amplification products and restriction fragments were 
analyzed in 2% agarose gel in the presence of 
ethydium bromide and by visualization of the 
fragments in the transient UV-light (Au et al., 2003). 
 
Table 1 Primers and restriction enzymes for genotyping of DNA repair gene polymorphism status 
Gene Primer  sequences 
Annealing  
temperature,  
°C 
Restriction  
enzymes 
XRCC1 Arg194Trp  5´GCCCCGTCCCAGGTA3´,   
5´AGCCCCAAGACCCTTT3´  57  PvuII 
XRCC1 Arg399Gln  5´CAAGTACAGCCAGGTCCTAG3´, 
5´CCTTCCCTCACTGGAGTAC-3´  55  NciI 
XRCC3 Thr241Met 
5´GCCTGGTGGTCATCGACTC3´ 
R 5´ACAGGGCTCTGGAAGGCACT 
GCTCAGCTCACGCACC-3´ 
60  NcoI 
 
RESULTS AND DISCUSSION 
Immunomagnetic separation of specimens resulted in 
gaining enriched fraction of CD34
+ and  CD133
+ cells 
of 86-98% purity. Isolation of the 96-98% pure CD34
+ 
and CD133
+ population was achieved by separation 
of the nucleus-containing cells through two columns 
of the immunomagnetic separation. Viability level of 
the cells after separation was high (96%).  
In the cytomorphological aspect cells CD34
+ and 
CD133
+ were mainly uniform, rounded in shape and 
sized in average up to 6-8 µm in diameter. A majority 
of cells was in suspended state i.e. they did not at-
tach to the bottom of the cultural flask (Fig. 1, a). In 
the semi-solid MethoCult GF
+ medium HSC formed 
colonies typical for blood-forming cells (Fig. 1, b). 
Cytogenetic stability of HSC was evaluated by de-
termining frequency of chromosome rearrangements 
and genomic abnormalities in 4 cultures of stem cells. 
The assay was performed on the routinely stained 
(azur eosine, according to Gimsa) specimens.  
Figure 2 presents a normal metaphase plate of the 
cultivated human hemopoietic stem cell and its karyo-
type.  
Using routine staining the number of chromosomes of 
the assayed HSC was shown to be diploid. There are 
46 chromosomes of different morphology (metacen-
tric, submetacentric and acrocentric) and it makes 
easy chromosome karyotyping and their group identi-
fication even via visual observation under a micro-
scope. The group identification was performed by 
chromosome measurements on their positive images.  
Cytogenetic analysis of HSC metaphase plates re-
vealed the mean frequency of chromosome aberra-
tions to be 1.85 ± 0.25%. The spectrum of chromo-
some rearrangements includes aberrations of a 
chromatide type (single chromatide fragments, chro-
matide interchanges, deletions) and of chromosome 
type (paired acentric fragments, dicentric chromo-
somes, centromeric breaks). The rate of aberrations 
of a chromatide type slightly exceeded the rate of the 
similar aberrations of a chromosome type (a bit 
higher than 50%). Usually one aberration is found in 
one cell.  
Frequency of hypodiploid metaphase cells exceedes 
the frequency of hyperdiploid cells that is considered 
to be a usual phenomenon since even under the 
mildest conditions of culture processing while prepar-
ing metaphase plates it is impossible to avoid partial Agric. Biol. J. N. Am., 2010, 1(2): 124-129 
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loss of chromosomes from a cell. The rate of poly-
ploid cells is 0.44 ± 0.12%, all of them with tetraploid 
set of chromosomes (Table 2) 
Table 2 Frequency of chromosome abnormalities in 
HSC 
Chromosome abnormalities  Number  M ± m, % 
  Total number of assayed meta-
phase cells 
2964 100.0 
  Number  of chromosomal aber-
rations, including: 
55 1.85±0.25 
  - aberrations of chromatide type  29  0.98±0.18 
    - aberrations of chromosome 
type 
26 0.88±0.17 
  Number  of  aneuploid  cells 
including:  
140 4.72±0.39 
  - hypodiploid cells  89  3.0±0.1 
  - hyperdiploid cells  51  1.72±0.24 
Number of polyploid cells includ-
ing:    
13 0.44±0.12 
  - triploid cells  0  0 
  - tetraploid cells  13  0.44±0.12 
  - pentaploid cells  0  0 
 
The distribution of chromosome aberrations accord-
ing to karyotype group of chromosomes is presented 
in Table 3. As the table data demonstrate aberrant 
chromosomes grouping is of stochastic nature. The 
most frequent rearrangements are observed in the 
most numerous chromosome group C - 23% of 
events. In group E aberrations are observed in 17% 
of events. In other groups rearrangements are ob-
served in small numbers. Repetition of aberrations of 
the same type in different cells that is typical for tu-
mor growth cells has not been registered at the reli-
able rate. Chromosomes of group G were free of ab-
errations.  
Examples of aberrations of chromosome and chro-
matid types in HSC are presented on Figures 3 and 
4. 
Figure 3 presents a fragment of the metaphase plate 
with chromosome aberration of the chromosome type 
– paired acentric fragment; figure 4 shows a fragment 
of the plate with aberration of the chromatid type – 
single chromatid fragment. These aberrations are 
usually most frequent the aberrations of the chro-
matid type being most likely indicator of exposure to 
chemical factors of environment and the aberrations 
of the chromosome type often indicates the impact of 
physical factors (radioactive irradiation). However 
only high enough frequency of chromosome aberra-
tions (over 3%) versus the spontaneous background 
level of their frequency may be a reliable evidence of 
their occurrence in environment (Bochkov et al., 
1972). So, the results of the cytogenetic study dem-
onstrate the absence of signs of malignization in the 
assayed HSC.  
Results of the molecular-genetic study on the 
condition of the HSC repair systems in culture 
Quality and quantity of the DNA specimens was 
judged by the data of the spectrophotometric analysis 
and electrophoresis of the intact DNA.  
Amplification reactions and the subsequent restriction 
of the amplification products was carried out in com-
pliance with the above described protocols (see "Ma-
terials and Methods"). The results are presented on 
Figures 4-6. Homozygotes for the normal allele 
(XRCC1 codon 194 Arg/Arg) give 1 band sized 490 
nucleotide pairs (n.p.); heterozygotes (XRCC1  194 
Arg/Trp) give 3 bands sized 490/294/196 n.p.; homo-
zygotes for the mutant allele (XRCC1 194 Trp/Trp) 
give 2 bands sized 294/196 n.p. (Fig. 4).  
After restriction the homozygous normal allele 
(XRCC1 399 Arg/Arg) produces fragments sized 89 
and 159 n.p.; heterozygotes (XRCC1 399 Arg/Gln) – 
fragments sized 248/159/89 n.p.; homozygotes for a 
mutant allele (XRCC1 399 Gln/Gln) – fragments 
sized 248 n.p. (Figure 6). 
Homozygotes for a normal allele (XRCC3 241 
Trp/Trp) give 1 band sized 136 n.p.; heterozygotes 
(XRCC3 241 Trp/Met) – 3 bands sized 136/97/39 
n.p.; homozygotes for a mutant allele (XRCC3 241 
Met /Met) – 2 bands sized 97/39 n.p. [6; 7] (Fig. 6).  
The results of the assay show that the SC cultures 
demonstrate good repair capability because the nor-
mal functional alleles of genes XRCC1 (2 SNP kinds) 
and  XRCC3 were detected for all three assayed 
types of SNP (Table 4).  
Presence of mutant alleles of the studied genes was 
not recorded even in the heterozygote. The normal 
alleles for all three kinds of repair gene polymorphism 
are present in the homozygote both in the SC culture 
coded +34 and in the culture coded +133.  Derivation 
of all cultures from one individual is probable. If this 
assumption is correct it may be concluded that the 
applied regulations of cell culturing have not affected 
the nucleotide sequences of the investigated DNA 
repair genes.  
 Agric. Biol. J. N. Am., 2010, 1(2): 124-129 
 
  127
          
 
 
Fig 1 – HSC in culture (a – in StemLine II medium; b – in MethoCult medium) 
 
       
  Fig 2 - HSC metaphase plate (2n=46) and its karyotype  
 
                  
 
Fig 3 – Fragment of the human HSC metaphase plate (arrows indicate chromosome aberrations)
а bAgric. Biol. J. N. Am., 2010, 1(2): 124-129 
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Table 3 Number and grouping of chromosome aberrations in HSC according to the human chromosome karyotypes 
(Denver classification) 
Aberration  types  Number  %  A B C D E F G 
Single  fragments  20  36.4  2 3 12  1 2 0 0 
Isodeletions  4  7.3  0 0 0 0 2 2 0 
Chromatid  interchanges  2  3.63  0 1 1 0 0 0 0 
Acentric rings (interstitial deletions)  3  5.45  0 0 2 0 1 0 0 
Paired  fragments  23  41.8  0 0 6 5 12  0 0 
Dicentric  chromosomes  2  3.63  0 0 2 0 0 0 0 
Breaks in the area of centromer  1  1.8  1  0  0  0  0  0  0 
Total:      55  100         
 
Table 4  Distribution of the genotypes between the two assayed SC specimens 
Genes   Genotype  Number of assayed SC cultures 
XRCC1 -194  Arg/Arg  2 
 Atr/Trp+Trp/Trp  0 
XRCC1-399  Arg/Arg 2 
 Arg/Gln+Gln/Gln  0 
XRCC3-241 Trp/Trp  2 
 Trp/Met+Met/Met  0 
 
 
 
Fig 4  Electrophoretogram of the XRCC1 
 Arg
194Trp gene restriction products  
 
 
Fig 5 - Electrophoretogram of XRCC1 Arg
399Gln  
gene restriction products  Agric. Biol. J. N. Am., 2010, 1(2): 124-129 
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Fig 6 Electrophoretogram of XRCC3 Trp
241Met 
         gene restriction products  
CONCLUSION 
Cytogenetic and molecular-genetic assay of HSC 
demonstrated the absence of any evident increase of 
cytogenetic instability in cultivated HSC at early pas-
sage levels (3 passages). The level of chromosome 
aberrations, aneuploidy and polyploidy persisted 
within the range of the usual spontaneous variability 
of human chromosomes. Comparison of the frequen-
cies and spectra of the detected chromosome aberra-
tions with the published data (Matullo et al., 2001) 
confirms close proximity of these values with the pa-
rameters of the spontaneous level of chromosome 
variability. For instance, in the group of 437 people 
frequency and spectrum of aberrations among 
healthy persons of different age and sex was ana-
lyzed. In total over 80 000 cells were assayed by the 
method of peripheral blood lymphocyte culture. It has 
been demonstrated that the average level of chromo-
some aberrations is 1.16% while chromatid aberra-
tions prevail over the other rearrangement types. 
Translocations of the chromatid and chromosome 
(dicentric) types have been very seldom detected.  
The higher is the age of culture (from 48 to 72 h) the 
portion of the aberrations of the chromatid type de-
creases insignificantly and the portion of the chromo-
some aberrations increases. It may be explained by 
the specific dynamics of chromatide aberrations in 
the course of cell cycle since a part of chromatide 
fragments is eliminated during cell division due to the 
lack of the centromere site.  
Distribution of the chromosome rearrangements be-
tween the groups of karyotype chromosomes is of 
random stochastic nature and iterative homotypic 
changes in chromosomes of one group are absent in 
various assayed cells. In compliance with the sto-
chastic distribution different chromosome aberrations 
are most frequent in the most numerous group of 
chromosomes 6 – Х – 12.  
The presence of normal alleles of the DNA repair 
genes  XRCC1 Arg
194Trp,  XRCC1 Arg
399Gln and 
XRCC3 Trp
241Met in homozygote of HSC cultures of 
phenotypes CD34+ and CD133+ was demonstrated. 
It evidences origination of cultures CD34+ and 
CD133+ from one source (one individual).  In the 
course of the research cytogenetic regulation for pre-
paring metaphase preparations of chromosomes 
from HSC cultures for cytological analysis was devel-
oped. A special emphasis should be made on the 
requirement of sparing methodological approaches 
(removal of cells from flasks, hypotonization, fixation) 
to preparation of cytogenetic specimens. The results 
are of prognostic value both for use of the assayed 
here HSC and for development of ways to use HSC 
in the practical therapy of humans.  
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